abstract CONTEXT: Recent mandates and recommendations for formal screening programs are based on the claim that pediatric care providers underidentify children with developmental-behavioral disorders, yet the research to support this claim has not been systematically reviewed.
Estimates indicate that at least 1 in 5 children has a developmental and/or behavioral disability. 1, 2 Several recent recommendations demonstrate the growing consensus that early identification is essential for providing adequate treatment to children with such disabilities. 3, 4 To facilitate early identification, the American Academy of Pediatrics Council on Children With Disabilities has recommended that pediatricians and other child health care providers perform ongoing developmental surveillance during all routine health supervision visits, supplemented with standardized screening instruments at specified ages. 3 More recently, several states have instituted programs that encourage or even require all child health providers to administer screening instruments at well-child visits. 5, 6 Such mandates and recommendations are based on the claim that pediatric care providers underidentify children with developmental-behavioral disorders. A systematic review of the evidence for this claim is critical for several reasons. First, to evaluate the utility of any new screening program or recommendation, its effectiveness must be compared with the clinical accuracy of standard pediatric practice that does not include validated screening instruments. Second, most claims about pediatric providers' accuracy focus on their sensitivity and largely ignore their specificity. Hence there is a focus on correctly identifying children who have disorders while ignoring whether the providers correctly identify children without disorders. For a full understanding of clinicians' accuracy in identifying developmental and behavioral problems, both sensitivity and specificity are essential. Third, for many families, especially those with young children, pediatric care providers serve as gatekeepers to mental health and developmental services. 7 If providers are, in fact, underidentifying children with developmentalbehavioral disorders, finding feasible methods for improving identification is essential for effective treatment.
We have systematically reviewed the research literature for evidence regarding pediatric primary care providers' identification of developmental and behavioral problems in children. We make a distinction between developmental and behavioral disorders because most professional recommendations, 3 screening instruments, and diagnostic tests follow this dichotomy and focus on 1 or the other but not both. We recognize that developmental and behavioral disorders (1) cause significant impairment in children and deserve meticulous attention in the pediatric care setting, (2) are not distinct categories (some disorders, such as attention-deficit/hyperactivity disorder, are alternately classified in either category), [8] [9] [10] and (3) are often present in the same child (research has suggested that 75%-80% of children with an autism spectrum disorder also have a comorbid behavioral disorder). 11, 12 Nevertheless, most research studies focus on either behavioral or developmental problems, so we review each as an independent category.
METHOD
To identify articles for this literature review, we conducted a search of the Medline database on September 22, 2010. There was no preexisting protocol for this type of search, so we devised our own method and included search terms particular to the topic at hand.
Criteria for Inclusion
We included studies that (1) were conducted in the United States, (2) were published in a peer-reviewed journal, (3) included data regarding whether pediatric care providers identified a developmental or behavioral problem in individual patients, (4) included an independent assessment of patients' developmental-behavioral problems, such as diagnostic interviews or validated screening instruments, and (5) reported data for a sufficient number of cases to determine sensitivity and specificity. Studies were not limited by sample size.
Search Strategy
We began by accessing all the articles in which an assessment of childhood developmental or behavioral disorders in pediatric settings was described. Specifically, we searched for the intersection (ie, using the "and" term) of articles in the following groups:
• articles with subject headings that included "developmental disabilities," "delay," "mental health," "mental disorders," "child behavior disorders," "language development disorders," "depression," "anxiety," or "autistic disorders" (note that these terms were combined with an "or" term); • articles with the subject heading "pediatrics" or "pediatric providers"; and • articles with subject headings "diagnosis," "identification," "screening," or "surveillance" (note that these terms were combined with an "or" term).
Because research on this topic is sparse and began only in the 1980s, we did not set a date limit on the studies we searched. The final yield was 539 articles.
We included 2 additional search strategies. First, we reviewed the reference section for additional citations in any article that focused on screening or surveillance. We included this additional step because some studies that met inclusion criteria were conducted for a purpose other than to assess the accuracy of pediatric care providers (eg, to validate a screening instrument). Second, for all articles that met inclusion criteria, we used the "cited by" function in Medline to identify articles that refer to studies that met our inclusion criteria. These 2 additional search strategies yielded 174 new articles for review. Dr Sheldrick and Ms Merchant reviewed the final set of studies for data from which sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) could be calculated. In the case of multiple studies that reported on the same data set, we included only the earliest study in our analyses. In the case of studies that seemed to meet inclusion criteria (ie, the methods section described a procedure for eliciting pediatricians' assessment of developmental or behavioral problems as well as a diagnostic interview) but from which such statistics were not reported, the author was contacted to determine if any such analyses were conducted. Two authors were contacted. In 1 case, 13 the author reported that analyses relevant to our study had not been performed; thus the study was not included in our analyses. In the second case, 14 the author referred us to another study that used the same data set as a study that was already included in our sample.
Assessment of Clinical Accuracy Studies' Methodology
To determine if the studies in our final sample were comparable, we assessed all final studies that met inclusion criteria by using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) criteria. QUADAS provides a framework for evaluating the quality of each study's methodology and conclusions. It helps to determine if the quality of each study is high enough to have reliable and valid conclusions and whether information across different studies can be integrated.
Clinicians' Accuracy
Sensitivity, specificity, PPV, NPV, and a diagnostic odds ratio were calculated for each study along with their 95% confidence intervals. For studies with weighted data, true-positive, falsenegative, true-negative, and falsepositive results were estimated on the basis of the size of the final sample that completed the gold-standard reference test, the sensitivity and specificity reported, and the weighted prevalence and identification rate. For unweighted data, these numbers were recorded verbatim from the original article or estimated directly from reported results. In addition to conducting assessments with parents, some authors also reported data from assessments directly with children. Because only some articles reported such information, we abstracted data only from parent interviews and screening instruments for all studies.
RESULTS
Of the 713 articles identified by the electronic search strategy, 445 were eliminated because of duplications and/or because they did not focus on pediatricians' recognition of developmental-behavioral problems. Detailed review of the remaining 268 articles yielded 11 articles that met the criteria outlined earlier such that we were able to derive indices of clinicians' accuracy (see Fig 1) .
There were many consistent findings with regard to study quality. For all studies, the time period between the pediatric assessment and the criterion (ie, gold-standard) test was reasonable; all participants in each study received the same criterion test; criterion tests were conducted regardless of the results of the pediatric examination; and pediatric examinations and criterion tests were conducted independently. Withdrawals were generally well explained with 1 exception, in which the 56% enrollment rate was not explained. 15 In other ways, studies varied greatly in quality and design with respect to the purpose of our review. No accepted summary of study quality is available, 16 so relevant study details and QUADAS criteria are instead listed individually in Table 1 . For example, 5 studies included only screening instruments as their criterion tests. Because 4 of these 5 studies had large sample sizes, and all 5 of them administered the criterion test to all participants, we deemed their inclusion worthwhile.
The remaining 6 studies relied on diagnostic interviews, but the specific interviews used varied. For 10 studies, data regarding whether pediatric providers identified a developmentalbehavioral problem derived from brief, provider-completed question-naires; 1 study relied on an extensive record review. Although most study samples were representative of pediatric populations, 2 were drawn from ongoing studies with high-risk samples. Studies also varied greatly in the proportion of the study population that were successfully enrolled in the study (range: 36%-91%), which indicates different levels of external validity. Some studies focused only on young children, others focused on adolescents, and yet others focused on more comprehensive age ranges.
Nine studies assessed behavioral problems. Only 2 studies 17,18 assessed developmental problems, 1 of which relied on a screening instrument as a criterion test. No study we identified included diagnostic tests for autism or pervasive developmental disorder.
Because of the high degree of heterogeneity in study methodology and quality, we determined that meta-analytic statistics were inappropriate. Therefore, we list descriptive statistics for each study in Table 1 and show each study's sensitivity and specificity (with 95% confidence intervals) in Fig 2. One study seems to be an outlier. Brown and Wissow 19 reported that physicians identified 48.6% of their patients as having a behavior problem, which yielded a sensitivity of 0.85 and a specificity of 0.61 when compared with a screening instrument that identified 21.5% of the sample as being at risk. For the remaining studies, sensitivity ranged from 14% to 54% and specificity ranged from 69% to 100%. PPVs ranged from 24% to 66%, and NPVs ranged from 61% to 94%. However, because PPV rises and NPV falls as prevalence increases (all else being equal), these statistics should be interpreted in light of the prevalence rates according to the gold-standard diagnostic or screening test.
DISCUSSION
The American Academy of Pediatrics recommends that developmental screening instruments maintain sensitivity and specificity rates higher than 70%. 4 Among the studies examined, pediatric care providers who worked without screening instruments achieved specificity (ie, the proportion of children correctly identified as not having a problem) that was consistently near or higher than 70%. The sensitivity of pediatric care providers was also consistent among the studies but in the opposite direction: in all cases except 1 it was lower than 54%. Thus, the number of children correctly identified as having a developmental or behavioral problem was quite low.
The lack of data on identification of developmental disorders was notable.
Nine studies in our sample examined the identification of behavioral problems only, 1 focused on language delays, and 1 focused on a range of developmental problems. This distinction is important, because pediatricians' accuracy might vary according to the type of problem in question. We were unable to identify any study that directly compared pediatric care providers to a clinically determined diagnosis of a developmental disorder. Thus, although diagnoses of autism or pervasive developmental disorder are often reported to be delayed, 20 we have no direct evidence regarding the role of pediatric care providers in causing this delay. Moreover, no study assessed both developmental and behavioral disorders in the same children, which makes it impossible to determine if identification of 1 type of problem influences detection of the other.
We note several limitations to this study. The major limitation to improved understanding of pediatricians' accuracy in identifying developmental and behavioral disorders stems from the paucity of research that focuses on this topic (especially identification of developmental delays). In many cases, the primary purpose of studies we included was not to determine if pediatricians accurately Six studies used a structured diagnostic interview as the criterion, and 5 used validated parent-report screening instruments. Given that the reliability and validity of these criterion instruments vary, this information could affect the estimate of pediatricians' accuracy as well. In addition, studies included in this review predominantly relied on parent report for criterion assessments, but there might be an advantage to including standardized examinations of the child (eg, the Bayley scales) to assess development. Moreover, cutoff scores for various screening instruments also differ; some are set with the aim of maximizing accuracy with respect to diagnostic interviews, whereas others are set to conform to statelevel policies. Results of studies that compared pediatric care providers to screening instruments should, therefore, be interpreted with caution. For reasons such as these, we were not able to identify enough articles with similar design, quality, and sample characteristics to support a metaanalysis; thus, interpretation must occur at the level of each individual study. Finally, our search strategy might have missed some studies that would otherwise have met our inclusion criteria. Because relevant articles may be published under diverse subject headings, identification of studies for inclusion was difficult.
FIGURE 2
Sensitivity, specificity, and 95% confidence intervals.
Pediatric care providers have increasingly been encouraged to use standardized screening instruments to identify children with behavioral and developmental problems. The utility of screening instruments depends on how much they are able to improve on pediatricians' standard care, which was the focus of our study. Many screening instruments have been reported to display higher sensitivity than the pediatricians in the studies sampled for the review. However, few screening instruments claim to improve on pediatricians' specificity, and many fall far short. 21 
